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A b s t r a c t :  For s u c c e s s f u l  and safe o p e r a t i o n  o f  a geothermal 
w e l l ,  t h e  c o n d i t i o n  of t h e  c a s i n g  and cement must be accu- 
r a t e l y  determined.  Measurements on c a s i n g  w a l l  t h i c k n e s s ,  
c o r r o s i o n  damage, h o l e s ,  c r a c k s ,  s p l i t s ,  e t c . ,  are needed t o  
a s s e s s  c a s i n g  i n t e g r i t y .  Cement bond l o g s  are needed t o  de- 
t e c t  channels  o r  water  pockets  i n  cement behind p i p e  and t o  
determine t h e  s t a t e  of  t h e  cement bond t o  t h e  p i p e  and f o r -  
mation. In s t rumen ta t ion  f o r  making such measurements i s  
l i m i t e d  by t h e  temperature  c a p a b i l i t i e s  (<17SoC) of e x i s t i n g  
logging  equipment developed f o r  t h e  o i l  and gas i n d u s t r y .  
This  paper  reviews t h e  in s t rumen t s  t h a t  a r e  needed f o r  geo- 
thermal  c a s i n g  and cementing i n s p e c t i o n ,  i d e n t i f i e s  t h e  
p r i n c i p l e  d e f i c i e n c i e s  i n  t h e i r  h igh  tempera ture  u s e ,  and 
d e s c r i b e s  Sand ia ' s  upgrade r e s e a r c h  program on mult i -arm 
c a l i p e r  and a c o u s t i c  cement bond logging  t o o l .  
t r o n i c  s e c t i o n  i n  a mult i -arm c a l i p e r  w i l l  c o n s i s t  o f  275OC 
c i r c u i t s  des igned  by Sandia .  
g ing  t o o l ,  a s imple c i r c u i t  w i th  p o s s i b i l i t i e s  o f  u s i n g  com- 
m e r c i a l l y  a v a i l a b l e  components f o r  h igh  temperature  opera-  
t i o n  i s  be ing  developed. These new t o o l s  w i l l  be f i e l d  
t e s t e d  f o r  o p e r a t i o n  a t  a minimum tempera ture  of  275OC and 
p r e s s u r e  o f  7000 p s i  f o r  up t o  1000 hours .  
The key elec- 
I n  an a c o u s t i c  cement bond log- 
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I n t r o d u c t i o n :  Downhole c o n d i t i o n s  very o f t e n  cause c a s i n g  
and cementing problems i n  geothermal wel ls  a s  i l l u s t r a t e d  i n  
F igure  1. Proper  e n g i n e e r i n g  development and p roduc t ion  of  
a geothermal f i e l d  r e q u i r e s  p e r i o d i c  i n s p e c t i o n  and eva lua -  
t i o n  of  t h e  w e l l b o r e ' s  c a s i n g  and cementation. According t o  
a r e c e n t  s t u d y  by Knutson and Boardman (1978) ,  t h e  most com- 
mon t o o l s  f o r  a s s e s s i n g  c a s i n g  i n t e g r i t y  are s p i n n e r  su rveys ,  
r a d i o a c t i v e  t racer  s u r v e y s ,  e l ec t romagne t i c  s u r v e y s ,  and 
c a l i p e r s .  The logs  commonly used t o  e v a l u a t e  cenlent bond 
a r e  tempera ture  l o g s ,  n u c l e a r  cement l o g s ,  n o i s e ,  and acous- 
t i c  cement bond logs  (CBL). 
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Figure  1. Casing and Cementing Problems i n  a Geothermal 
Well 
A s p i n n e r - t y p e  flowmeter responds t o  and l o c a t e s  f l u i d  flow 
through h o l e s  i n  t h e  cas ing .  F l u i d  l eakage  sometimes a l s o  
causes  tempera ture  anomalies ,  A d i f f e r e n t i a l  t empera ture  
l o g  d e s c r i b e s  t h e  s l o p e  o f  t h e  a b s o l u t e  tempera ture  curve  
and i s  capable  o f  p i n p o i n t i n g  t h e s e  anomalies even though 
they  may be minute.  Sandia  Na t iona l  Labora to r i e s  has  deve l -  
oped p r o t o t y p e s  of  t h e  flow t o o l  and t h e  tempera ture  t o o l  
f o r  o p e r a t i o n  up t o  275OC. (Veneruso, 1 9 7 9 ) .  All t h e  compo- 
nent  p a r t s  f o r  t h e s e  t o o l s  w i l l  soon become commercially 
a v a i l a b l e .  
Radioac t ive  t racer  surveys  a r e  u s e f u l  i n  l o c a t i n g  c a s i n g  
l eaks  by logging  t h e  movement o f  i n j e c t e d  t r a c e r s .  These 
surveys  a r e  very u s e f u l  i n  d e t e c t i n g  low f low r a t e  l e a k s .  
Commercially a v a i l a b l e  downhole e l e c t r o m a g n e t i c  surveys  u t i -  
l i z e  a c o i l  f o r  g e n e r a t i n g  a magnet ic  f i e l d .  The phase 
changes d e t e c t e d  by t h e  r e c e i v i n g  c o i l  are r e l a t e d  t o  t h e  
I c a s i n g  wal l  t h i c k n e s s .  I f  t h e  i n n e r  d i ame te r  i s  known ( t h i s  
can be measured by a c a l i p e r ) ,  t h e n  t h e  e l ec t romagne t i c  s u r -  
veys w i l l  r e v e a l  t h e  o u t e r  d i a m e t e r ' s  c o n d i t i o n  and the reby  




C a l i p e r  t o o l s  have m u l t i p l e  expanding arms t h a t  make c o n t a c t  
w i th  t h e  c a s i n g  wal l s .  The d i amte r  recorded  i s  t h a t  of  a 
c i rc le  d e s c r i b e d  by t h e  t i p s  of  t h e  arms. The c a l i p e r  l o g  
i s  u s e f u l  i n  ana lyz ing  c o r r o s i o n  damage, s c a l e  b u i l d u p ,  c o l -  
l apsed  and p a r t e d  c a s i n g ,  and c a s i n g  b r e a k s .  
I n  o i l  and gas we l l s ,  a tempera ture  l o g  i s  a l s o  used t o  de- 
t e c t  t h e  cement t o p  when t h e  h y d r a t i n g  cement undergoes an 
exothermic  r e a c t i o n  t h a t  p rov ides  a tempera ture  anomaly. 
U n f o r t u n a t e l y ,  t empera ture  anomalies are common i n  geo the r -  
mal w e l l s ,  and t h e r e f o r e ,  t h e  i n t e r p r e t a t i o n  of  cement t o p s  
i s  ambiguous. Also ,  t h i s  l o g  must be run  wh i l e  t h e  cement 
i s  r e a c t i n g  because a f t e r w a r d  thermal  equa l ib r ium i s  
achieved  and no in fo rma t ion  can be o b t a i n e d  about  t h e  p o s i -  
t i o n  o f  cured cement behind  t h e  p i p e .  
i 
The n u c l e a r  cement l o g  f u n c t i o n s  a s  a modi f ied  d e n s i t y  log .  
I f  t h e r e  i s  a d e n s i t y  c o n t r a s t  between t h e  cement and t h e  
mud o r  f l u i d  be ing  d i s p l a c e d  by t h e  cement, t h e  l o g  p rov ides  
an estimate o f  t h e  amount o f  cement f i l l  a t  any p o s i t i o n  i n  
t h e  w e l l -  by i n d i c a t i n g  t h e  m a t e r i a l  d e n s i t y .  
The n o i s e  l o g  i s  a d i s p l a y  of  h igh  f requency  sound be ing  pro- 
duced a t  any v e r t i c a l  l o c a t i o n  i n  t h e  we l lbo re .  An eva lua -  
t i o n  o f  t h i s  l o g  can p i n p o i n t  areas i n  a w e l l  where f l u i d  
f low channels  occur  behind  t h e  p ipe .  
The a c o u s t i c  CBL t o o l  de te rmines  t h e  q u a l i t y  and e x t e n t  of 
t h e  p h y s i c a l  bond between t h e  c a s i n g  p i p e  and t h e  sur round-  
i n g  cement s h e a t h ,  and between t h e  cement and fo rma t ion .  
Th i s  l o g  measures t h e  ampl i tude  o f  t h e  a c o u s t i c  s i g n a l s  from 
t h e  c a s i n g  p i p e  and t h e  ampli tude o f  a l a t e r  a r r i v a l  which 
r e f l ec t s  t h e  cement bound t o  t h e  fo rma t ion .  
There are  c u r r e n t l y  no commercially a v a i l a b l e  high tempera- 
t u r e  cement bond and c a s i n g  i n t e g r i t y  logg ing  systems f o r  
geothermal  wel l s  wi th  maximum tempera tu res  i n  excess o f  
275OC. Most commercial logging  t o o l s  become u n r e l i a b l e  
above 175OC i n  a c t u a l  f i e l d  t es t s .  A s  a consequence,  ope ra -  
t o r s  must c o o l  t h e  w e l l  i n  o r d e r  t o  run  surveys .  The t h e r -  
m a l  shock i n  c o o l i n g  could  cause  wel l  damage. Also,  l o s s  i n  
p r o d u c t i o n  t ime i s  expens ive ,  The re fo re ,  h igh  t empera tu re  
logg ing  c a p a b i l i t i e s  are needed f o r  r a p i d  development o f  geo- 
thermal  energy.  
S a n d i a ' s  RED o b j e c t i v e  i s  t o  develop and commercial ize  h igh  
t empera tu re  t o o l s  f o r  o p e r a t i o n  up t o  275OC. The technology 
must be  a d a p t a b l e  t o  t h e  i n d u s t r y  t o  s t i m u l a t e  t h e  deve lop-  
ment of  a l a r g e  enough market such  t h a t  commercial s u p p l i e r s  
and logg ing  companies can p rov ide  t h e  r e q u i r e d  hardware ser- 
., 
v i c e s  on a r o u t i n e  b a s i s .  Although t h e  t o o l s  d e s c r i b e d  
above a l l  p rov ide  in fo rma t ion  on c a s i n g  and cementing con- 
d i t i o n s ,  t h e  mul t i -a rm c a l i p e r  and a c o u s t i c  CBL t o o l  a r e  t h e  
most v e r s a t i l e  and wide ly  used t o o l s  i n  t h e  f i e l d ,  For t h i s  
r e a s o n ,  w e  se lec t  them a s  ou r  f i r s t  set  o f  t o o l s  f o r  upgrad- 
ing .  
Table  1 summarizes c a s i n g  and cGmenting i n s p e c t i o n  t o o l s ,  
t h e i r  l i m i t a t i o n s  i n  geothermal a p p l i c a t i o n s ,  and t h e  recom- 
mended upgrading procedures .  The fo l lowing  s e c t i o n  w i l l  de- 
scrike the  upgrade procedures  on a mul t i -a rm c a l i p e r  and an 
a c o u s t i c  CBL t o o l  i n  more d e t a i l .  
S a n d i a ' s  Upgrade Research Program: 1. Mult i -arm C a l i p e r  - 
The c a s i n g  c a l i p e r  u t i l i z e s  a s i n g l e  conductor  c a b l e  p l u s  
ground f o r  a l l  power and d a t a  t r a n s m i s s i o n .  Th i s  i s  accom- 
p l i s h e d  through a m u l t i p l e x e r  b u i l t  i n t o  t h e  t o o l ' s  e l ec -  
t r o n i c s .  The t o o l  uses p o t e n t i o m e t e r s  t h a t  conve r t  t h e  mo- 
t i o n  o f  mechanical  arms i n t o  e l e c t r o n i c  s i g n a l s  t h a t  a r e  
p r o p o r t i o n a l  t o  t h e  c a s i n g  p i p e ' s  i n s i d e  dimensions.  I n  
g e n e r a l ,  commercially a v a i l a b l e  c a l i p e r s  a r e  s p e c i f i e d  f o r  
o p e r a t i o n  up t o  175"C, because  of t h e  tempera ture  l imi t a t ions  
of t h e i r  e l e c t r o n i c  c i r c u i t s ,  DC motors and dynamic s e a l s .  
The re fo re ,  w e  propose t o  use h i g h - t e m p e r a t u r e - r a t e d  l i n e a r  
o r  r o t a r y  d isp lacement  t r a n s d u c e r s  (LTDs o r  RDTs), i f  h igh  
t empera tu re  p o t e n t i o m e t e r s  cannot  be found. A s  shown i n  
F igure  2 ,  t h e  t o o l ' s  e l e c t r o n i c s  w i l l  c o n s i s t  o f  a h igh  tem- 
p e r a t u r e  v o l t a g e - t o - f r e q u e n c y  c o n v e r t e r ,  p u l s e  s t r e t c h e r ,  
l i n e  d r i v e r ,  v o l t a g e  r e g u l a t o r  and a m u l t i p l e x e r .  These 
275OC c i r c u i t s  were des igned  by Sandia  and w i l l  b e  manufac- 
t u r e d  by Teledyne and General  E lec t r i c -Hous ton .  A d d i t i o n a l  
RGD may be necessa ry  t o  develop t h e  h igh  tempera ture  DC 
motor t h a t  i s  used t o  r e t r ac t  t h e  c a l i p e r ' s  mechanical arms. 
I n  a d d i t i o n ,  h igh  tempera ture  e l a s t o m e r i c  s e a l s  o r  me ta l  
be l lows  may b e  r e q u i r e d  t o  p r e v e n t  b r i n e  from e n t e r i n g  the  
t o o l ' s  e l e c t r o n i c  and motor ' s  hous ing  compartment. 
2 .  Acous t i c  CBL Tool - Figure  3 i l l u s t r a t e s  t h e  cement bond 
sonde and t h e  r e l a t e d  s i g n a l s .  
i . e . ,  uncemented, i n  a w e l l  t r a n s m i t s  sound energy wi th  r e l a -  
t i v e l y  l i t t l e  weakening o f  t h e  v i b r a t i o n s  between t h e  t r a n s -  
mi t te r  and r e c e i v e r .  However, when hardened cement i s  be- 
h i n d  t h e  c a s i n g  and when t h i s  cement i s  p r o p e r l y  bonded t o  
t h e  p i p e  and fo rma t ion ,  t h e  v i b r a t i o n s  s e n t  o u t  from t h e  
t o o l  t o  t h e  c a s i n g  w i l l  impar t  s i m i l a r  motion i n  t h e  cement 
b u t  a t  a lower v e l o c i t y .  From t h e  s t r e n g t h  and t h e  time of 
t h e  v i b r a t i o n s  r e c e i v e d ,  one can de termine  t h e  degree  of  
cement bonding. A r e c o r d i n g  o f  t h e  f ree  p i p e  i s  p r e s e n t e d  
on each l o g  as a r e f e r e n c e  f o r  e v a l u a t i n g  t h e  o t h e r  s i g n a l s  
(F igu re  4 ) .  I n  t h e  v a r i a b l e  d e n s i t y  l o g ,  s t r o n g  c a s i n g  s i g -  
n a l  and weak format ion  s i g n a l  i s  an i n d i c a t i o n  of  f ree  p i p e .  
Casing suspended f r e e l y ,  
, 
TABLE 1 
TOOLS COMMONLY USED FOR CASING INSPECTION AND 
CEMENT BOND EVALUATION 
Radioac t ive  
Trace r  
Elec t romagnet ic  
Tool 
Tools  Geothermal L imi t a t ions  
Opera t ing  Temperature 
P o s s i b l e  Environmental  
<17SoC 
Impact 
< 1 7 S o C  
Opera t ing  Temperature 
Casing I n s p e c t i o n  
Spinner  Survey None - Technology is  
a v a i l a b l e  
Eva lua t ion  
Temperature Tool None - Technology i s  
a v a i  l a b  l e  
Cement Bond I 
Nuclear  CBL Tool Opera t ing  Temperature 
<175OC 
Mainly for l o c a t i n g  
cement top  and 
major vo id  
Noise Tool 
P o s s i b l e  Environmental  
Impact 
Sub jec t  t o  Opera to r ' s  
I n t e r p r e t a t  ion  
Opera t ing  Temperature 
n o t  c ruc ia l  (not  
be ing  used i n  
p roduc t ion  w e l l s )  
Acous t ic  CBL Tool E l e c t r o n i c s  l i m i t e d  t o  
< 1 7 S o C  
Upgrade Recommendations 
None - only  f i e l d  t e s t  v e r i -  
f i c a t i o n  
Design h igh  tempera ture  
c i r c u i t  
Redesign c i r c u i t s  u s ing  h igh  
tempera ture  e l e c t r o n i c s  
Use h igh  tempera ture  e l e c t r o n i c s  
S e l e c t  h igh  tempera ture  dynamic 
Deve 1 op h i  g h t e mpe r a t  u r e  mot or 
Or use  mechanical des ign  t o  
e l i m i n a t e  motor and thus  t h e  
need o f  dynamic seals  
seals  
Extend i n t o  a d i f f e r e n t i a l  
t empera ture  logging  t o o l  
for cas ing  i n s p e c t i o n  
Deve lop  h i  gh t e mpe r a t  u r e  
op amp and d e t e c t o r  
Develop h igh  tempera ture  SCR 
Replace c i r c u i t  w i th  h igh  
tempera ture  e l e c t r o n i c s  
. I  . 
.. 
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Figure  2 .  Block Diagram f o r  a C a l i p e r  
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Figure  3.  Cement Bond Sonde and Acoustic S i g n a l  
A w e l l  bonded c a s i n g  wi th  good cement- to-formation bond w i l l  
show s t r o n g  format ion  s i g n a l  and weak c a s i n g  s i g n a l .  
Some of  t h e  commercial CBL t o o l s  c o n t a i n  very complex e lec-  
t r o n i c  c i r c u i t s .  These systems use many s e n s o r s  and r e q u i r e  
complex c i r c u i t r y  i n  o r d e r  t o  p rov ide  p r e c i s e  c lock ing  time 
and s i g n a l  t r ansmiss ion  under a wide v a r i e t y  o f  c o n d i t i o n s  
i n  o i l  and gas  wel-1s. However, it i s  ex t remely  d i f f i c u l t  t o  
upgrade a s o p h i s t i c a t e d  c i r c u i t  f o r  h igh  tempera ture  opera-  
t i o n  s i n c e  most commercial e l e c t r o n i c s  are s p e c i f i e d  f o r  
o p e r a t i o n  on ly  up t o  175OC. The re fo re ,  a s i m p l i f i e d  CBL cir- 
c u i t  i s  e s s e n t i a l  b e f o r e  any upgrading can t a k e  p l a c e .  I n  
an a c o u s t i c  CBL t o o l  f o r  o p e r a t i o n  i n  geothermal  f l u i d ,  a 
s i n g l e  t r a n s m i t t e r  and a s i n g l e  r e c e i v e r  w i t h  adequate  spa-  
t i a l  s e p a r a t i o n  shou ld  p rov ide  s u f f i c i e n t  in format ion  about  
cement bond condt ions  i n  t h e  we l l .  Also ,  i n  o r d e r  t o  mini-  
m i z e  t h e  downhole e l e c t r o n i c s  , s i g n a l  p r o c e s s i n g  and d a t a  
r e d u c t i o n  w i l l  be done uphole .  
F igure  5 is  an example of  a s t r a i g h t f o r w a r d  c i r c u i t  t h a t  i s  
capab le  o f  g e n e r a t i n g  a s h o r t  h igh  v o l t a g e ,  h i g h  c u r r e n t  
p u l s e  f o r  an a c o u s t i c  t r a n s m i t t e r  a t  room tempera ture .  
Here, C 1  i s  used t o  supply energy t o  t h e  SCR swi tch  and t h e  
a c o u s t i c  t r a n s m i t t e r  when t h e  l i n e  d r i v e r  c u t s  o f f  i n p u t  
power. L 1  i s  used t o  boos t  t h e  v o l t a g e  a t  C 1 .  When t h e  SCR 
conducts ,  L 1 ?  L 2 ,  and C2 p r e v e n t  t h e  r i p p l e s  from f e e d i n g  
back t o  t h e  i n p u t .  
s i g n a l ,  t h e  i n p u t  l i n e  d e t e c t s  t h e  t r a n s m i t t i n g  t ime through 
C4. R 1 ,  R 2 ,  and Cg l i m i t  t h e  imposed v o l t a g e  on t h e  u n i -  
j u n c t i o n  t r a n s i s t o r  which w i l l  n o t  be t r i g g e r e d  u n t i l  t h e  
c a p a c i t o r  C3 i s  s u f f i c i e n t l y  charged. Thus, t h e  R3 C3 time 
c o n s t a n t  w i l l  determine t h e  f i r i n g  frequency o f  t h e  SCR. 
Transformer T sharpens  and b o o s t s  t h e  ampli tude o f  t h e  t r i g -  
g e r  p u l s e  t o  t h e  SCR. On Figure  5 w e  have n o t  s p e c i f i e d  
component's va lues  because t h e i r  va lues  would be d i f f e r e n t  
f o r  d i f f e r e n t  a c o u s t i c  t r a n s d u c e r s  and tempera ture  ranges .  
We a r e  c u r r e n t l y  working t o  develop a h i g h  tempera ture  v e r -  
s i o n  o f  t h i s  c i r c u i t .  
To p rov ide  a r e f e r e n c e  f o r  t h e  r e t u r n e d  
Commercial SCRs (Semiconductor Con t ro l l ed  R e c t i f i e r s )  r a t e d  
a t  1 7 5 O C  o r  lower p l a c e  a l i m i t a t i o n  on a t o o l ' s  o p e r a t i n g  
tempera ture .  We have i n i t i a t e d  a p r o j e c t  t o  upgrade t h e  SCR 
f o r  o p e r a t i o n  a t  275OC. I t  i s  expec ted  t h a t  t h e  theo ry  and 
op t ima l  f a b r i c a t i o n a l  approach w i l l  be  determined by Septem- 
b e r  1981 and a ptGaP'tor "GaAs" SCR w i l l  be ready i n  p r o t o t y p e  
by October 1982. We a r e  a l s o  e x p l o r i n g  t h e  p o s s i b i l i t y  o f  
combining a t h e r m o e l e c t r i c  c o o l e r  wi th  an SCR i n - a r d e r  t o  
run t h e  u n i t  i n  an ambient of  275OC whi le  t h e  tempera ture  o f  
t h e  SCR c h i p  i s  on ly  175OC. Commercial vacuum t u b e s ,  such 







0% AMPLITUDE 100% 
100% BOND 0% 
Figure 4 .  






(ALMOST FREE PIPE)- 
STRONG FORMATION 
WEAK CASING SIGNAL 
WITH GOOD CEMENT- 
(IIELL BONDED CASIf!G - 1 , ..! 
TO-FORMATION BOND) 
Acous t ic  Cement Bond Log 
c4 









. .  . * .. 





might be  used as a s u b s t i t u t e  f o r  an SCR. I n  these ,  o p t i o n s ,  
t h e  shortcoming i s  i n  t h e  l i m i t e d  number o f  s h o t s  t h a t  can 
be  guaranteed;  w e  are i n v e s t i g a t i n g  t h e  p o s s i b i l i t y  of  modi- 
f y i n g  a t u b e ' s  des ign  f o r  l onge r  l i f e  t i m e .  
Return s i g n a l s  a t  t h e  r e c e i v e r  must be ampl i f i ed  s o  t h a t  
t hey  can be d e t e c t a b l e  uphole .  S p e c i a l l y  s e l e c t e d  commer- 
c i a l  j u n c t i o n  f i e l d  e f fec t  t r a n s i s t o r s  (JFETs) can wi ths t and  
high tempera ture  and w i l l  be cons ide red .  Another p o s s i b i l -  
i t y  i s  t h e  e l e c t r o n i c  t u b e s .  Although, an e l e c t r o n i c  tube  
a m p l i f i e r  may o p e r a t e  s t a b l y  only up t o  250°C a s  r e p o r t e d  by 
Cannon (1979),  development o f  i n t e g r a t e d  thermionic  c i r c u i t s  
has  r e s u l t e d  i n  a much h i g h e r  o p e r a t i n g  tempera ture  (McCor- 
mick and Wilde, 1980).  I n  a d d i t i o n ,  Harris Semiconductor 
Corp. i s  working under c o n t r a c t  w i t h  Sandia  t o  develop a 
h igh- tempera ture  o p e r a t i o n a l  a m p l i f i e r  (Ohr, 1980) .  Other 
commercial p roduc t s  t h a t  may be used t o  upgrade a t o o l  f o r  
geothermal a p p l i c a t i o n  i s  summarized i n  Table 2 ,  For a 
s t e p - b y - s t e p  275OC f a b r i c a t i o n  technology,  one may r e f e r  t o  
a r e p o r t  by Bonn and Pa lmer  (1980).  
Summary: I n  t h i s  r e p o r t ,  w e  d e s c r i b e  a p r o j e c t  t o  upgrade a 
mult i -arm c a l i p e r  and an a c o u s t i c  cement bond logging  t o o l  
f o r  o p e r a t i o n  a t  a minimum temperatue of  275OC and p r e s s u r e  
o f  7000 p s i  f o r  up t o  1 0 0 0  hours .  The commercially a v a i l -  
a b l e  materials and d e v i c e s ,  and t h e  e l e c t r o n i c  components 
developed by Sandia  Na t iona l  Labora to r i e s  f o r  h igh  tempera- 
t u r e  o p e r a t i o n  w i l l  be f a b r i c a t e d  and f i e l d  t e s t e d  i n  p a r t -  
n e r s h i p  w i t h  i n d u s t r y .  The f i n a l  s t a g e  o f  t h i s  p r o j e c t  i s  
t o  commercialize t h e  des ign  and t r a n s f e r  t h e  technology t o  
i n d u s t r y  . 
i 
TABLE 2 
MAXIMUM OPERATING TEMPERATURE FOR SOME 
COMMERCIAL PRODUCTS 
Company 
Caddock Elect r o n i  cs 
Cermalloy 
P h i l i p s  (MEPCO) 




Pe rma lus t r e  
Hy-Temp Transducers  
Ce rma 1 l o y  
DuPont 
Ab les t  i ck 






Res i s  t o r s  
Thick F i l m  Inks 500°C 
Thick F i l m .  Chips 500°C 
-inurn E l e c t r o l y t i c  300°C 
High Voltage 300°C 
300°C Thin F i l m  S i 0  
Thick F i l m  I n  s E 500°C 
Transformers  
T. r a n  s forme rs 500°C 
Conductors 
Anodized Aluminum Wire 500°C 
Ceramic Coated Copper Wire 500°C 
Conductor Inks 300°C 
S o l d e r  
m e m p e r a t u r e  Paste 300°C 
Epoxy 
Conductor o r  Dielectr ic  
Trans i s  t o r s  
J F E T  





Packa  es 
&c k a ee s 350OC 
Ceramic Packvages 350°C 
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